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o«rt«ia taUMte* i s 1h« ori^nal v«rk of 3ftUa Salt«i ai^ la suitabU 
fw MMlMiM «ir tM aaud of HM 4tf»M of llMtvr of Riiloflilqr of «w 
AllgMfa Nwlli Qtal^ni^, AliflMft* fids irarit teo bo«a <Ioa« by ttkt 
OMiditeto nnter ^r oaporvlilcn. 
[ Surdor 
Htjfartmmn of Zoo]Uicr* / / 
AUcuh HhoUs Oblvoraltrt 
AU«0k •209001 
X with to •iqprvMi m einoix^ gratltuA* ta 
Br« aniiMP ifrtMftd flMif X*»«i«iv Is tb» Ik9pmetmnt 
• f aMai«e:rf iai^ corh ItMain i^iwrsltjrt iaigerb for 
Ills valiMMLo i^pMnrisioo ood for taking gviat pelDo 
In oritleoll^' 0Ol»g tlrough tli» a«e»i«n*l^ t« 
I m filao iod«bti4 to Prof. S Jl» AlsBf Hted, 
Otpflrtotnt of lMilogar» for providing feoUitlfo of tbt 
I i b i ^ elm vteord s^ thauke to my oolXtagittat 
Mr. ?•!« JhMWiii, l^ieehtr ramfiroh fkXIovsy and HIM* 
sriXolir aisviy for vlielt tecrtod oooparstlOD mA 
&eX%a QvlMm 
(1) 
(u) Mjilttntnliii *v 
•iOBlZAIi 4Q> MlfaQDt 
(I) Tte OXffl0t<«^ WtMMl 9t 
SMTftilllltB ittKltttl JHBStMli* 
(II ) Stai fl&fMi^eVy 0»Vl«« of MplH^aawp.^ % ,^ 
( iU) Ste faiif«slfl«y df «Ua««fl«3r vm^tm of 
(lir) flu biiiMUesr of Ximr of 
MMilltBtrtifl ^ * 
(v) Sto hletoyirtMLQe^ r of olfaot^ry oiigi»« 
{H) Tim hlAt^fl^ lMlAgy of I lwr of 
ViWBLmmB 02901 
It i s mttMi 1li«l pOllutl&n m g^rt firom lieiBg luMMOttt 
to pvblio beianif e&nR* serioiM d«Mft to OM of our tinirtMrt 
imtvral «<t«oi«Mo» Itoe nOmrUm^ Vm to toantMt iMMMi 
in p^ ddLatiOB wd tlM fett oaq^ oBAlBg pittt of IndustrlQliofttiM 
la SaAift m«9' of our firotfh water OBVivenMiito tfo maSt to 
OMnry in taemmlmg 3b»oA of tovog* onft iadiiotrial VMtoo* 
nm^ m fioA i M l of iiiDorsifttloo ia tfPoUiMo OB ttai toxloi^ 
Itt AiffnWBt v^ PtalMBtB (povtioldoof fatevjT MtaXo oad othur 
olMMlof&a) la otimna «• malt not mieli i s kaovo rogMMiAg 
^gtotothologteii tiftttA iiiaiioi4 Hy mmrj attalo iooluAlAi 
rt oMPtivy auA •liiiiMi oto* 
flift 4ttorai&«tloi} of bietopetho^ogloea of foots of 
polltttsBts on ^m dlfforoot or^ e^ne of fielios Is m isp«rt«it 
bMdo offort loaftlnis to our UBdsrstsBdlsg of tms imMCt of 
poUittaiitt OB tlittt ooos^ rstOQ b«««nit tlio froeh vstor fl^its 
•iiw dlsoiBiXcir pattors of rsi^ pwioos nftes oxposid to irrarlous 
muAB0 SIM Miltst of AoBsgo Tsvy liotli with body fflrtt oatwi 
of a ^ MdttH tad dwictioB of tosts« Yogror t l A' (^975) 
roportod th9^ ttm 1mm latna oiyosiapo of stnstio orgoBlfloo to 
polXtttMSt ero IM»O sSgolfioont 1& ooaperlsoo to toots of 
Omtt dtrstlOB* Qpgans of tlm ti^h liko gm» liirort dlgostli 
traot sfld oXfeetMe^  roostto «fre koowQ to bo soriously damofad 
both struBtw&llj^ and tmmtitmaU^ mdor ^rolosiad o^ooara 
to cwa Xw mtth40ldtii^ ««Me of bssvy MtiiLs (Bator, 19G9t 
HHm*9 t m ) * Xltt«»MM^r iJ^ j|,« (1979) )r«^slid ttet 
ystttyo 0f drSftBtfldiBB aoA XaaMOtlon of titSm^ M I Iw 
•odlflid Hy 1«* tfifMtftbta dosie of te««y M U I B l lkt oe^por. 
7«r«iMHr BiAikft (Id'K)) endi BMeka & Dakota (196«9) akwniM ^Md 
lia«fX ««tiSU %iMk ^im fttaatloa of Oteao-raeaptora la £§« 
•tMota Vjr eettfiifig i^aioaJl i i i | »^ er fuiioUoDaX inpetoBtDt* 
In %tm «iic« of al l tbeao f a»t« i t wm ttemM vor^^ 
«IUla to taka up a datallad »^oxk (» tin affaftta ^TQAIMMA Vy 
•apfur anivteta on tiia olfaatoxy «ri«a» mA Xim» of %•» 
aacotia flaiua n ia ly ^•fPjM^tff JHBitMl i l f f l lm ( l ) aai 
ilUiliyilll l S^ » tto ^4aat of this atMy la to tetandfia tlw 
afiaota of 3«tliabl aad aiflMyBl^ &X daata of oofyav eiapiurta« a 
iwry MHBdB p«lliil«it ««ii la trinkiag ««tir aiaA taxtUa 
iafltwtry, as ti» olfaotevy vaattti and XimVf ^hXth pligr a 
Yltal role in vtm aasaatloB and datoxlfloatloo raapaatitaly* 
Baaltea tlilat tHa mtbae elm «l«liad tfat aorpbologjr, and 
MillfcUgy «r tlia afaap«ml4 aaiana of fialias andar pcaaant 
imraatigaUoo* Sba sraaact work Ml»odlaa a p«rt of tte d«. 
lsvaatlgatla» Qhl^ la oiOjr ra<|itl2<ad f«r tha tfias* of liijniU« 
da^raa of tbia lfclwrsl^# 
3 
\mn (1889) deaorS3>«a tow t^ T *^ ^^ olfactory 
foMs Vfkaid on ^li iBPi^ iifftBMiiit of platts (1) In 9eat%iUffmom 
iiriBmm i&um «nA 4«g fltliis) ttii j^istot «re riAiatiog In 
hoUiwi ft^^gol* (a) & MBflir end •tXo, pletfts ar« foXI«d OB 
votb 0ia*« of dtii1r«ai rm^ O) ^)» pl««e« iB flail flrtitt am 
maemm^ in oat vw lylne Xongltuainelly to body axla 
(4) Ste Tfw^tnntit of £4iitt« era fotud in a radinUag aanntr 
Ml fMitreX rcyha* 
On tiM basis of aorpbolosieeX ohiflrnttara Burna (1909) 
elaMif lad tlia stiatttast nostril »al nasal sss in tlvaa 
diffsrant tar»as (i) ovcO. (li) Esandod (i i i) Blsng«lsd« ruxilMP 
im d«ssrll»sd typas of roaatte oooosding to balwviourel rsm s^assf 
to tto olfestory stinulction (i) Bosatta witb only a ttm 
liawllaa wiiish tUmm Xittia vsspsnsaa (mioroaeietss) 
Ca) large roaatta tdth grtstar mudier of lasallna (aasroaastas) 
sbawisg wall dstali^d saaaa of oli'&etion* Siia oval roaatta is 
«MMirelly fotmd in aost of l^a fiites aiid BtBtAw Intaisadiats 
batssan tlia two* 
SflsslMfii (I9$4) distisgnitiisd tiame tjfpas of roaatts 
dspaai^ ng upon iM valaldvo dsveilSiMWBt of optia cod olfastflsy 
fasultiao. (1) 59s f i i ^ s whioii mn battar davelopad sy» 
iilam ti» ftXimtoKy m§m» {fhrnimm tm ^^lo) (a) isr«HD«it 
fi i l lt« vXHt ttOM er X««« •fitt^U^ d«v«X09«d opU« ana olf attvjr 
ffitttatits (5) i o n flfllitfl btiar inileliwl^ better deirelop«4 
E]««z^4^ir (1969) r«vi«iiid ttm Xi^eturt os the 
wlBUy of olfsitory ovgeas* Siii«t tlw f irst otUular 
dtMrlptioti of OohiAt« (ia$6) «^i6h be oat«gorl89« in tlsfM 
dift«»«fit t99«0 Gf r«««ft<»ft w^pm'^im <^<3 bsMl Mi ls* 
BiU (196$) i i i tv t ia iti»»aa. tsn f^t of irrtiigiimtt of 
•pitbolit^ ooXXs* 
Mm9^ A Q$im innt^ mHf 1974) and Ojim ft 
!•»•«? (1971&, 19711>, t972t t975«» 1973 t^ 1975o» t974) 
dMMTibod tl» fitta«oi«3r #f MBi Indian flute* (smgaaft^  T*tfMf^ 
itmri)fc»d iiiffiQiJiaF <Nt i i i f f f n^yidii «Dd SJautt xoiiittMHi* 
BlMtroa al«ro8eoplo studlta of olf^toxy organs 
1B a mMMr of flalns hm^ \men dcme liy Tdrloue workara aanaJLyi 
(1972% 197ab) Maf t J£)l£lA JE]iidi&» Zloiica tilL*(^97fil 
Mtiaarif ^ounoto & I^Mta (1977) Salttaalfossaa * 
A tMa (I91i^) C^rl&lfo«Baat jFl^ n (1972) aad 
^^•k* t i J i * (1976a) atuAlad tte 4riil«s«tBt of oXfaataiy 
«si|aiia III out ^MPttttl taraifl aad m^mmma end vWlperoua 
taloM^a voiipattlfaljr* 
5 
Swa (1915) 4tt«0ribfid irsrlouo mm9%B of tta oXfastftiB 
in ti0mm wA tsUmmiiiMA tl»n into aoBromat m& aioroaBst* 
Mving tJlflJL* (1977) oleseUiva f l i ^ e Into *09«l0iBftt««* 
Mi *ifloaMt«B* tsfp«» 4i«9«iidiii|S i««ii titt pnMBM or rtiatt 
of aiitoiogy Mie* Stw flateo pxoviaoA v l t t M M aro tontd M 
O^^ l^OMOtOO M l tlW M»«litM f iii ltO Ora to0«JB 00 ISOMOtOO* 
jiMOvaias to Boving iJil^* (1977) ^lo oireuletlon of vatM 
in «^ol«M«tM i» mmeiMA oitl l»y tlio foapiiig MtiM of 
MMMWPj Mil* ilillo Itt &MM«it«ji 1i» olllery aotlon of 
IMaogjT oplthillM io naiiiXy rei^slbXe for vottr olroulatioo* 
ftoteml (1979) eonaidorlng tbi t^i^o pr^oatd by Boring t i iL* 
(1977) orMtoA 6 tlilxd tsype whlolt he ttrnia M *0H^iM««o«*t 
lAiMO oi i lo MA MOt vftU. MO litifol.foa togotbir in HM 
olrotdtttlofi of «itt«r tluro^gli Q&feotoary ohilur* 
lolnMl * Hun (1977) ^^lile •tuftying tbo fMotlOMl 
MTptifllegy of olf eotov^ r orgMo of iBaiMI ttltltftollii ro^oiUA 
tte tafortfliiM of irdrloue jew MMIOS ID thB trMa^MtatlM 
•f ««tir tlroiigli the oXfeetoapy o!uis(b«r« Sbame (197B) otixAloi 
tilt MMQisr Md histology of olf aotwy orgaao of Hotopiaigiip 
MMMaK >*>A ^CdUdUSift MBAA ^^^ Mportod f oroor M 
iMMOtt M& lAtM M e^ ^oloMoto f iM« 'itmrm e3tl0t« a v«rl«tii 
itt tbt wmStev of XaooXIoo \»ltli ro^^ot to elM of f loh* 
PMttiLtf^ ltjr in tb» MotologiOGl fiadiogs of £• ntTllilinil 
. ! • tiM pMiMM of teevy olll&tlOQ OD the periphory of oMh 
R 
XflOilla* Bijnri (I f IB) ttmvU&^ out tmp vovk on tfai no^pM,ttgy 
AU tte adtoiweidd t ts)»t tMar lli«¥|^ A«f»X09ed d fa t to fx 
fMnHty. E ie t i A SlMtt (1960) eoivwlfitifig « 1 ^ ]^ir leu0 
JTiaaiags furt lwr impovttA tliat t l » ^X£mt&ry roa t t t t «f 
itt fte ioHi M t » «t tHi !»«& Ijsilir^t 9i %^ orbits. 
BslMtiai ( f f l9 ) 9^ML ^a* £1«totlO!i^ BorylHatty of 
oifMtMry « i i t t « of tlapM firosli «»to3? f l i ^ o CMlMt 
t f f iWlf f f f f l r i2Syaft i £ t t i i l l i & < ^ fflBlffiTMl ttifff *T^ MIA tlMMI 
SJ t tm i i l i **ff"*>»*^ • B«^i3y«d st iAi ts on %Tm aretailiootoQio 
^ t t o m turn ^mn Aono }^ B«lnsBi (1979) on Hbs oUaotttrgr 
roMttOf tm ^JtmtOTf ImmlXm^ ttio turn mml pw^ ttm 
oi i iMMrj iNtOf tlio rovrtt of i i « l ^ oiroulatlofi in liio oXf e t^argi 
^bMiiorf histolegioia. n t^ ioo of oUaotflvar roottto i o l 
9ommmn mmu of A* JiiilaffteTM <ua& £• IfiflftllilJai* ^ poinXiar 
•tvooture Is obaonvA in ooob XataiXXa of A« JftlMJiMUli ^»>^)i 
foBiXit«t»o M i ^ voter oir^uXatlon ttvomH tlio oXfMtory 
voaitto. Boinnid lb ZIIMI (1980) jpoptrltfl hio'toXogiOBX iSimtwoo 
onA aioowMta t ^ fnno^oncX ia^orldsoo of d i f f t r t n t ooXX tgrpo 
diotributioB in lltm XmoXXao of 4* Jairpiftj^nUlM' 
SHitidul 4k &ii^ein (I9'^3 otuaied « » boFotio senNi^ aQear 
anS mU gtWiptwtnai wrliiritar ^ tbe Xivtr of IotoXiflp>i» 
IHBMItwtMB' ^3^ Umr p0mmti^m ooa^st« of Xasioat of duaX 
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saiftttA miratlwi m in otli^ oUuroid* mA waike otbtr 
X* ?m>otaf^ \mm «li9t»ata i^ flnevtsai* S»ivaitOT« toA 
OlMMrHlia (19t6) tftHAUd f f y t l i y ffumheof^i^ aB& 
aJ^ HjUllHi for 09ewm9 mA dletrlbutlon of Htm 
mA t^mrmA la tte form ox e ««ng^ «»t aoA d«iiii 
gUBd* BlBtan ft f«Ql (1976) ieaexllMa ttm tepetodytts* 
•odothilifa M U S mA Kt9<£tr oalls is tht Xtmr of 
X* j m l i t a * Bti^ lQg ytjQX* (19T7) i^ uaiod tbe otrwtiirt 
•f tbt livor of aiiiiii«» trout iied ol»iitrtoa tliat Xliwr of 
ttilB flail &ifllM« fvw tho aMMuaian Uvor in tlw tibmnm of 
Xi^ M o^r'o o«XXo« I M U Umm dust tgrvt «*^fl '^ >« pvowet 
MA tbiy fovnoft • trtosltloMiA «OM %gr ooiiiliiiQg w&tli 
tmpB^fO&ytmu to ilBm o«aaft«U aioroti&uXee Xylfkg la tbe •leinitf 
•f •itntiiU* Btt1l«p«i4 Xiitir woo f otwa l»y tn»o ijl jdL« (1977) 
in both oootrollod and wild BOfox' eols* l^ ooei (1978) 
doaorllMid tiMi tLm» lilotoiogy of ttlgrslory and BOB aigrotwy 
fiUift lUflte «ift Mlm Mk ^9i^9%Vmly during dlffiyoiit 
•t«0i« of Xifo o;^ 2^o« m aetlood YaouBiisetion, pjrnotio 
MoXSiOf dopooJLto of ooIloetB aatorlolt flrtoyio ooolorooio mA 
BMre^o of i»f«toi^^«« Jais & Join (1980) Mportod 
£latol^ Elo4X ^tei lo of |J3uS]ift ofi»f>««im» oofi obstnrod Xmm 
oootral oueleuo io tlm tepotooytoe t^ iioh are orranaid la 
8 
HtAm&r A £tfi«»bi (1979) «tiidl«d oopptr ladnetd 
ioMiiis to oifMtocy •pittellUD of (MOW eeturlne t«l«0Bti« 
siity fiMr«»d laM&tB ftf i&fiMU«f wnt«M dui to •390»«« 
to bMHy attidte* ttiMBHr iJ^  j | * tl979) doiorllNA tlw oliMii« 
vliioh oeeuroa ai» to ttao qppIloatloD of pertloulir astal* 
BoooBtl;r BiUiAna Mi S«arlor (1978) roportod tlmt toxioity 
«f ligfcthBliao «o 1 ^ mtmoty tiotm of TtrJT^ri ^ ^ ^ ^ ^ ^ ^ 
la duo to i t s priaory of foots on 1Si« lilood OQ^^ooltloo* 
Wm^amt HMqr potetod out <^at dflDi«»fi to oinoory opltbtllia 
«po Itoe in ojctont In ooe^ cariBon to othtr oi^ooo sueb • • 
llTor and kidnoy* 
Lii»r Pftthomiy m 
Wrtil<l'l i i j ^ . (1974) vq^irtod that flabaa riMM 
IncbiXlty to do^olo|» xealotanoo to livmr d«Mtt •«w»d by 
e^Upvovottold aftU. fbay roportod attareX r^paa of lajvry 
onA raoowx r^ cftar hiatojlosloal attia&yaia of tha ll^ar. 
Bbattaohsarya (1975) ratoiOad that tliara lo & poaltlw 
eonralatlon bativan oonooBtaratloa of andrlaa and oliaBgia i s 
l»9at09«B»tiwt of i22jKiM HtP f^ffhltt' Daganaratlva obensas 
« t tlMraBttrlaid by tbe l ltor ooa^ d dlaanryt TaauoXlaatloo 
aad mmntfim* Wmtmm (1976) «t«diad htstolosiooaL doucaa to 
llvar dya to aa^aora to patrolom* 
.9 
8»vtttgMi tl976) Alwutitd latrd-stmeturia •heBflii 
in htyetoo;^* of rfmamim ^ynaiiyyi wten •xpoaid to oollia 
«rtM«t« «aA pointed out the ocourmoo of oXoetron doB« 
pflrtloloa aofi lnortOMd •aAopXaMdo rotloidon* Hottiag i ^ iL« 
(1977) ttaftlid ttltrdHitruotiirel swdlfloatloaa la the Unr of 
tlM Rgjiihiii? tv«ut aftor etoronio e^ q^ oo^ ro of PoXyohlcariD&tod 
blj^ajflo itroohlflr *12$4*« Shoy «ihairfod olmiiio la t l» 
•adan&ofliiA anatlMftiii^ twagflnnaii isnuutHttii ndisHwd dsMMHi 
M l Ummtmimm^^* logrMa A XtaMVa (1977) royt r l t i 
oMWRiIetion of flmfiicaal blaok gramHoa la tho floh l l tor 
duo to oral adwilwltratloa of oeteltn* XOadaU (1977) 
daaarllMd aa«t» offiMta of mttorl B»re«ory toxicity la 
X* MHdidtt i* S9MM ivo dopoaltieBa of aoroury la l l w r * 
StBdaU (1977) tmetimt obair^d ths aBoimOatlea aaA 
omMoatratiOB of nnwiry la Xiir«r aad lafXaaatloa of 
li^Mttoo:rtoa« AMdaHmity A B««a (1977) doaoribod offtota of 
fMLodon *59* iMd AgiHol *5*f both eevto mA obroolo on I te 
11-vor of i a M i n n l M I JUSSJtSl* ^^y r«port«d tht doatruotloi 
of btpatooytoo dui to olanMilo tvoeteiiBt* Blmiotela A 
SayXoro (197B) atudSad biatopatbfi&ogloal rai^oaaaa of 
fffrff'f'W bptfeai^"^ to Hii^batlBO &A foaad aajor offoota 
la bralBt Xi^or oxA psnoxoaB and xavoaXid that tin KiphthaillK 
toxlelty aaiaXy aflfiata th9 bXood ooqpoaltioa* 
in 
9mm * mm (1979) mrnKKma ttet ti» aa«iiiiMi 
1M tepAt^toxio mA iB&iieid frfidual dlelotnigration of ttMA 
tlMMi OBA bil« aattrlal in th« l l w r ot SlMUui iMilitMl* 
SflfalD ij^ itX* (1980) d«Mnted untor •l«etron aleroMiop«9 
Ite I f H t «tUt and xvaeX %Umm oX M M IMiii ««ttr t%aim» 
lAiktIi Mfii M^Mii %o p<ai«tl«sdX s^vtM and oibMyMi aai^ r 
lyMMttiil Moielat and •leotroc d«&8t bodUs wltihln th« 
aiawMlAa lolXOMd !qr inoje<e8a»d sattiraj^ wMaX MtiirlV* b^^  
I»9ftt0«ytt8 dattMMiftffalaA « M U ouolia and vaouolaiad aytopXaan* 
fte feBFa&taa 1l«ili« of varlmui «M9t« cii^  a l t t ava alM 
»»Ki fai in 1I» iwiial«a# 
11 
iom»lia«tta Acifttie flii»->i^Kioi«8 oi^  gBTjgfflli^ fftl nO^M MEMi 
•aft ! • fMMft In •astixii and mntml Europe* Stao gold fistaos 
«iM first tenwioA to portugeli (Sliflwt )9<^) ^ MWBtMn 
n«ntui7 and nfttv annoiwifta IWMiiflSt i s HollnaA in f72&f 
tfaiia llntaio banana ntU naoXkiatinad in aU taqpancla vntam 
inoXtifting India* 
J4mmn» (1198) (YUn S t i C ^ 19^2} dtaariba« 1l» «annt 
iHMHlM^ MBttaWMl (1994) fonmiad S^s (1940) and KLaaad 
la Ilia nii>»f8Billjr O r^pi^ iniitai of %tm fnttUy CTprSnldM ot os9m 
Gyprlfiifavi^n. Xnstar Slwzte (1962) p3inand ^ m n SMlialttl, 
in tmsHy CyprialAan of aafc aapdnr o^rprinoldnn enft oz«or 
Ontrinpliyni* Sids aafe f^aailjr Ciprininnft (Baxs* 1940) ia 
ftKonantad l)y ^la two flOMarnt tin oruoioD aaarp 9 f *^'»« «A 
tte wild ocarp Ssadmft* 
n * faatts fflffn*^«ff inninftnn tno n^aniant tfaa ooanei 
Crtiftien oarpio UUHKlAiMk SMUKAM. (3^ *) ii>4 sil^nr aaruoian 
•iBTP iMMilHi M S I t a (^*)« ^^ ^ nlXvav nniaian o«y faifan 
"iv*<te* fiaBmliii J K H H I M M H I C>*«) 
ff^lWl^lig (^looh) • Varloun Igffoa of 
narnttto m% lAMtifiad* flm inpovtnnt onaa wfaioh ava ptgnXml^ 
'^w 
J 2 
taMMD Ml f«ltallt QCm%9 9m tl^ «BA lion teid* Mmif tOX 
thmm rtatiMUmu iri«tall 1« motat nmsatim Mtd boanttifuiX* 
fit* MMHlMESiflMi c>^  ^6^ broirot SQIB6 gr««Dii^ tlntt 
•a ^M bMriii go2a«n M sKtos enft ^31o«« oe tl» beXl^i p«i3P«A 
fins art gtmreXI^ v»i 0BIA to yellowli^* lEbsy are dt'vold 
•f Wart>l«s eaA «»MUjr livvt tvMl^ f Iw to tisd^ ytgr MM ataXo* 
•liiH UMna l^toi w&th a U i f t iplM st tlit ttm% of «ial 
fto Mft Mi ia front of doraol lla* $t« nfufj^ tW MEltHI 
pMMiMt • loBg iatistiat w&tli Klaok ptritOMUB aoai iAm 
Htk 9m «ra« «ii^ t» 4$ HI* 
10 a Adlioeto f leh and 
i2jr Hiritve Ifi rewrTolrs vltb «iiff iolact plntlnf Ml 
MTfttleii* ttmy aro MBivcaroiia, but lioaSdM Mtnol food Mi 
aatntw» tte lowtr tmiltr plenta Mft attbrMiaid XMVM Mi 
fiRToirito 2aad« flMiii f l i ^ a ere liaportant oviae to ttaiSr 
W99iiA 0tmVh ratal* Qy i^aM taq^aratwa la 40*eo*V» 
MKiiff i in ***' 
Sl»y ava annMiiiy kaiwni aa ^iXaOt aollloa batlag blaok 
vorlotlaa alilali apt ginava&ljr IvytoiAa af dlffinrant apoalea of 
I* rtlTTfl' S i^x^^ (1962) roportad that the hybrids Ma 
iiHyMatliwiiy MdLlar la alao ^IM iMvonte. Moifi^ Ba i^^  »^^ 
13 
« • liiiriiitiirt« ftf aov 1«BA mrntmitm of BOtttb 0«r«Ui» to 
ltal«o, Irait nov fiftly a&apttd t» fM^wffrti aad 
«mt»r8» Slitir «re iwaOi Uiriog f i i t e i tod ^rofor tt^ptt»ti»t 
b«lHMii 24 to a8«0» 
StMlilEli (1994) foSl^oit UTB (1940) teainnMI H M 
•iMM ill'^ffntiln vOBimt inpor feaaUy pololloldflt of awbOKAor 
Oyprtaod<mtolA«l of ox««r CyprtLslAootifovat** 8t»f%» (19C2} 
plM*d piiita lUUUyUttyhfi ^« Is the fiBUy OTparinodOBtldat 
• f oK o^r aiorooyfrlni* MlJff!****** ^ * proi^B ploiit food 
tt0itl»r witli flBlBtO. food Xlke iiWMt lartno wa «ro onrfaM 
i9ioa«rt. * »g—lag U stMlift (19^) ttaiat t ln»«wMt tootl»« 
mf»Uf sliow tixiMa 4iMMV] l^ile oli»rMt«r» in tl» I M I fin 
u. 
1^* wtre purohc«9a froa Dtlbi aauerUt. S)» 
1L» lliHrffllTlfr J S m m * ^ MJiniiMHtn ^* 'ana* trm 25 to 9$ «•• 
Mi 25 to 34 Bsi« is XtQgth reflp««tiiwXy« Tte flates mf 
I t m wd In fQaMMllvAt aolutioa (^•6$i)« 
Zbi )»aA x«gloii0 of thft fUfeis viM dlMMtM tnm 
A«r«el Biit nater ettxvooo^io bioooulis' mioroae^t for t i t 
•tu&y of olfottov^' orgoBS ooA ttmix rolatlonahlp filth ttt 
iHridii* tbo eoroa of oXfastoary XfOiXlit was atMRVOd by tte 
ylMMBMttr for etHlMvaMtias tht olfeotoaey end xotinoX tfm 
of ttao floh (TloelnaBt 19$4)* !l%o alerooo^lo aoiiMVMiDto 
of diffkront jperts lias 1MM a talWB Hy tiM ooovAoMttr. Aft»v 
jsmovlaf aotaAa end okla of tiit lieitU zvgiooy tto f iatea 
v«xo iBpt la tbi 49^  K06 for 3.*.5 days sti^wquintXy tlio 
suaotea «txa mKrvod with ttaa halp of bruah eod f(a«op* Ttoa 
olaasiaf Md MyawtlOiMg Mtro dona by liydrogen paroxida • 
AIl8«rlaa traapptiioiaa of £iw q^oinane «ixa pvaparad by 
EoUiatax^e ta^miitiia (1932)* 
lor ^la liivaatigatlofi of tho biotologleeX oheaiiaa to 
difftvoBt orgenof «bo flriaaa mrm socarod lo mix eariotad 
glmm acwiriat ana aaollnatlaid to t^pt vmtar madlm for two 
wtaka bafon laba MMmnaaaat of tha axparioa&t. !£ba pouwlav 
wtm •c»pig MOi^ta (ouso^ .Si^o, ms* 249-de) • 
in 
fte iifla»li«i« "mm IMlNtttd i s mn fltritttta Mtf AMlOMriBsIM 
im9& wtttir and thtlr oonoeDtratious «s3r» .01 ipa and «00l ]^B* 
fte ttaptrftture ot •xpttrimiitaX. isadia «wi 2 ! ^ 0 • for tht 
tint of MBittt tonlAitjrt fialMis mre IntFoauotd Into «01 ypa 
•eXixtioB Miift Aftwr ai ^ taiMiWii to ti9«riMateI solwltM i|& 
for 25 Aegrs in axporlMiitel wB&Ut aoA «tr« rofnUrOy XM on 
•fituatreieX flidi foeft .«itoteiiieA froa oQuerla teelara* fl» fWlor 
«Mi ohoi^A •yvj 24 li to maiatolii tlit owBooDtraties of ttat 
tJBgtint Aurij^ ^li ptrlod of aacparlMBt* 
mmSL MetoXogioaL dlieoyvfitlORSt ttao fiolMa 
•aarlfieid «Bft MyaMi « 0 t dlMMtod o«t for laMdlatt 
fixatlofi. Bar tba Biovttfltqplo jw»«paiti<»i aaonuX mlorotMlaM 
9sx>o«dt«« mm foiXontd ootJ^ Biiiiia*« fluida ae the fljcatiipo, 
fflmfflB for Oiri^ addliigt Etelleb'B bosiatoxsrieno nod ooalii aa 
ataiaa and JfBX aa aountar.6«6 u tlilflic atotiooB vara out* 
1R 
Qlf«tt«7 oxgano of C.« iffffttni fratec i 
o&fMtovy «r8«i0 on tte eBl»ztMl«r0O»Xat»rel posltiOB of 
tlM •y di^tttljr ii>«3r firoi t]ii snout (Plato 1} • Saoli 
oifootory ohw^ WT (OliF JOSIU) •tannilofttoo out side by w 
MMHPlir MA i«»tiri«r M « A i i trtwoo. Sho fttratr lo 
tflitlA laio Xaettir 1w«oaio wndL mA HOB volTuilar* siw «it«rl«r 
mmA 9ttfo iMers « vieXl oirouXor rlji« In botuooQ th« two 
BOMl poMOt * .Oj»ii^ ttxtsMA aflft xoetonfiiUar flay (QUP.1P) 
la prtflwt iriiiifti floyaratit tbe olfaotoar^ «3i0B*«r firts 
aottrior (ASS «SA8 FiSI) Mi fovtarior naaaX opOBiBfs 
(y089JUS«F0SB)« ^M rSs Of intorior ntmA port dooo not 
larai My tii»« tMgt stsaber of ohroaatoplioroB art OMB oa 
Swh oXfoettvgr ^SuKtlimp la oirel tad tlao olfattovjr 
roMtto ooctvloe cCbioat tbt tntlrt orta of ttat obaiAtr 
(Plat* 2) • Stai Mttrlor oaaaX pore l l ta just lofront of ttat 
rqplie (BP) wbUo poattrlor Is ejbott ttat poattrlor tip of 
roMttt* Saeli olfaot««y roatttt le oval la aliivtt lod«td la 
olftotoapy 9haribKt mA ffita oonnatttd ^wntreOly to flbroua 
BMBtatiiPt tlaaui* It* aiarfaM la dlf^rtntlatad lata 
iractrtl ooufax tBd aor«al ««Mi««t« Roatttt %ttr« a ni^ tat Mi 
17 
UamJXm (0£r«X£) «IUM flr* avraiigad ia redlatiag fMhloa 
iMCflag IB w l l t i ^ m iaAlTidmil l,mill« {ftrnf 3) • Sl» 
l i i i i m «p* ««JL1 A«f«lop«A vith Alstinot iatiXk»lfMellar ip«M 
ia iMtWMB %im t89 «lj»Mnt ImtllM* Sb« ttilak aed broad rwjfim 
ttmmrm* aataapo^p—tarlorly IMIMMHI tan louiUaa of both 
aUoa* flw mniX ifeiiad JLatl l t aC &• iHTilll j M l i f MM 
aaajgia iarMUy 9tA aaafax iwatraUy* Sbaj baaaai aawp^ w 
projitoeaoy but gat dlataSJly broadaaaA* Staa rq^ taa 0ita attaalMA 
mitli HM i^MxiMl peoaaaeaa of tbe laaaUai Md dlatallj 0it 
lolaad to tlia vaU. of the olfaatary ali«^«r but btaaaa 
ivai«aU]r ivaai 0^ tiMir diatel aa&a* siw doraal aarfaaa of 
9mU ImMXm ]^imm$m aat aiatally la lUm tarn of a llagaifoni 
fraaaaa. fim ianellaa lyiag eatariorly ara MaXlar aa 
a««MV*A ^^  i^te yaativtoir oaaa* Sbe aiaa of laMlXae Inoraaaoa 
aptaga^paatayiarly aUBjiatJag ttat tba growth aaourad temk 
aatariar to paataaibar diraatloa* 
Siaaaatioii of li«a& trcm doraal aida MvtaXa 
trnjagi^ihiual attaabnaat of oXfastory roaatta (oXif Jffi) vitb 
tba l a i ^ (n«ta 5) • flw ^Uaatery biObo (0£F J}L) «ra ro«rfl 
la fliwpt and ten andarataly devaXOfad* Sbey «ra of aaaaila 
tTpaa baaaiiaa thajr «ra aaapaatljr attaafaad to tho olfaatovy 
lobea (OXP«XO)« flM yairod oXfaatoay aervaa (OXV.B*) wa 
thUk mA abort origiaatiag fron ttia aanraaponding oXfoetozy 
bttXb and anlta ^itH QXfaatocy roaotta on ita antarlor aida* 
18 
f1» «3.fai%flif7 pit l le« oa lettiFAl etlMiia (XSSB) i ta i 
irtikdi is BUym'tti AmrtiiUy by paletiat «ai vtii^ti«»9Mltri««97 
by laov^wO. (£iAO) iua vrefrcotelQ <2RS*ISIVS)» f«D«reLlyt tin 
• iMi^r is HomattA liy ii9cti3E«A atMMitliisid (Piatt 4) • S>bi 
nHaU& (£UUC) i0 pvofliiit ftt tiw anterior extrwiity of olfaotovj 
aliirtor vfeWNi IkoBlMa (IftQO) wsvyflvte the pootorior «xtrmi^ 
of tiji oaurwtily 8V»»«»«« Sbo ^ f aetaqr ntrvt r«M d M t 
yaraiViwDoid bono (PS*) • 
fo ftat ottl ^w ^ttie of wat^r mtmmt i|i tflfaHwjr 
^Mifeor inaoltfetlo OMPttlao i^artiolaa sro put at tbo antarior 
tyartttPa* M tftie t i m of protruaiOQ of JeHo rapid ruob of 
««raiao pirtieXea ia sion ootorinc ioto oifaotory ahwilir 
tbrom^ aatorior apartivo end oottiag out ta^m^vmntiy from HM 
fotftorior lytrtMtra at %m tiaa ot rotraatloe (Piaoo 9) • flia 
aovawBt of «at«r tfaronsli o&fattory o!ia*or is broi«ht diout 
by tbe nmmel broethlag of the fioh and by tbe oiXiwy aotioD 
of tho aHMPMPtiftg ooiia* (L* fflffiffffffffmi mritlifl p^ anaaoaa a 
protmalbie mimi wMob oanaoa iaoroaia in ti» iroiiaw of 
clfaetwy oliaBamr faeiUtatiii^ tli« aDtty of vator tl»oi«li 
Mtarior nmtSL para* At tbc e<me t i i ^ ^m avfOMBt tilao 
\ 9 
i f tU Hflor of tin «UaBtQK7 ohHibMr vlittli 
•nttoltt roittti to p t •oa^ttaX^ a^ttiBd \iy vftttr eurrtnt* 
fl» ow^togloil <io«ffloi»iit i s oi^ totaatid so as to 
AstssBiius tte xsXatlfs dsfsXo^Mnt ojt aXfsncKy tmvXty ^ 
Vtilatioii to Qfitie temeLt^0 Sis resoXts oonipiKisA (SAIs Z) 
i0Mi ttet 1^ Qlfa0t«ry ersa i s rnnob Isrfltr l^an ntinal wsi 
sua so tliis fioli be pIflMd isidsr MNsroflBUEts ffrot^ of fislws* 
nQt« * 1 • Ii&torcl vU^i of heod o£ &• sms^A MO^m 
MVJ1» H/-3» PCI^ * Aoterlor DasdX portt 
fOGi. H/S. l*0OE- fOBtorlor caftol port 
OI»P« If. - Olfcctory f l^» 
POSTNAS PORE 
OLF FR 
ANT NAS PCHE 








?lAt« « 3»» (B) » IiGteraL vious of ncecl poreo. 
Alj£« li^» POHE • Aotvrior naecd port 
^82 BAS« K ^ - Posterior DntaX por«* 
(0) "Dtectm of olfo0tor7 roeottt 
OLF. Qiim « oxfootorar otioEilMr 
OLF. m • • Olfoetory IcxieUe 
(3)) Ble€Tec83iitie repreatotatloo of iAm 
Imellm of ripbt xro88tts» 
ANT N A S . PORf \ 
Plate «• 5b. Biegrm of ttui hr&ixt of ^. flaHrnttta BMrp.'^ f^  
tpom tto dorfld olde to lAiow the relatioii* 
ehlp of the brain with ttm olfootory roaetta* 
CE • - CearobelXua 
OZiF. B&« * O2.fG0tox7 bulb* 
QU\ 10* m Olfeotory lobo* 
QhVt H« • OlfdBtary nervi* 
0L?« BE • «• Oifaetory roMtttt. 
OP* LD« . Qptlo lobo* 
OLF BL OLF. N 
Plate * 4 . IiBi»rol vievi of (MvQl of ^« |By!^lM ^ ' ^ ^ P 








































«. Pre op@roi]I«r 
» Pro frontal 





» m Gutb orbitol 
SOP. • Supra orbltel 
BRSTG 
PXatt »5« Piagrsci sbonffing th& olfaotory ohcdb&r of 
SL* aFBTfl^ ^ fflffflt\U8' Arroiro lodioetQ probebl* 
route of water eirouletlon* 
Ai^* H^* POQE* «• Anterior nneol pore 
0L?« H?* « Olfootory flap* 
OXrP* BE • • OlfoDtory rosette* 
OLF« CHAII. • Olfrotory ohaaber 
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A 9«ir of olftttMry cbfii^ Mr (OXP^ KAM) l U t ea %tm 
Mt«ro«dor80i"Ie.terrl slA« eai eaeh »li«ii(b«r •aBmunloet;e« out 
aid« by m m^&rUtr wA poiittrlor laptrtisp** (Plat* 6) t $1» 
iovmv is tiMOlvr pf^jMtiiig •Kttm&Lly lo the form of to»ii 
oir«idlar ttilM nlilU X«tt»r la Q0i»^tiiii4ar wd oMMralYOlar lyli|| 
on ttai tnrfaM of intoxBUWfit* Afitorioir B«»iai ttibo is ^roMot 
OD the oattroiaitiar of the ooout* Tim aetorlor eporttart 
(itSX «KA8JP0B£) lo oniptl06l i»liU« pootorior (708CdUa<PtilS) 
«ito iwNPrtHjr oivfoA* slio ftoocMr rosto on o tribo* The 
olsrwMtOilMVOO «IIB) flPo nanvrotto vhleh lio oBottomd oa tte 
•Dtlre olfaotosy ^MHbor loovlug tin bordor of noool porta* 
Afttr swiBiriRS ovofioay Hio OMMIOB MBA the bony 
•Binaaa^ of tha avwilal veuXt SoaAa to the oxpoaltion of tha 
olf aetory roaitta «A hraiB of tha f 1 ^ (Pl.ata 7) • Saah 
olfaatoET^ r aHwiiar la trlaagtacff in rtupa* Sha oXfaotovy 
»>aatta atiiplaa elaMt tha aiitirt ohaiibar <ncta 8) • ixaraalljr 
•B& davaoolataraUy the olfaetoiry roaatta aypoura to b« al l t 
UlM OBA triai30«lar reaipaetlimljr* Ste XmaUaa wa aaatlag la 
^ i roaitta. iha aatlra roaatta nsdar hS«h m«Blfla«lloD 
Ohawa aMBasa«a yctahaa or araaa whleh «ra fosraad hy the l l a l i ^ 
of tha aafHiaatlva tlaaua* 
Tbs roaatta ana olf aetory biOh oat ^olnod by tl» 
oUaetory narfo {iXUfSm) but olfao^ary bidb (02a?«BXi») «d 
oXfaatwy X^ tfba (OliiP«»}} wa dlraotXy attaahad «riiak osa 
2J 
mMUm noaftitimi* Each olfoBtory Mrve trevtrMs 
1l»oilg|i tiMBtX Ijrinn: in t;b« pr««»£roi3tciI«lQtdrel •tinoid Mi 
Htmn joins wltftt 1l» olfMtor^ hvl\> WemrnUiB HuromHi 
PTmiKBolA Md twa^plMPoia* Sto olfairtory lob«» «tt 
onoraoiwly •&I«i0tA «Bd lie in tsfimt of the optio lobes (QP aLO)« 
file olfactory pit is foamed by tlie Xmrymelli Isterel 
•ttaoid (SS7H} I A p«rt of popseplieosift {fn) and «^»-oxbita2. 
(8UI? •(»&•) oreoial SMipoiieste* 2bi frontol (IfiO) wd 
pvs»frootaI (SSSIftO*) derso-latsraUjT Md aaxilla (MAXO 
antSYiorly oootribute to form the olfaotevy pit (n^ate 9) • 
Sbe roof and l^e Heor of the olf aatory pit ia f oraed by ttae 
Basalt palatine eeA anterior eztaneion of tfae pfraepbeoeid (PsO 
wbsfl kiaeaatiea of jav noveemat i s ooneidaradf i t «aa foand 
that «w aUattorar ahaidiar timm variatioc io x^atiaa to 
Jen aafaBMit* Sbia imroltaa tlia aataaant of the etlsoid and 
lasryaal along aith all«bt alairation of palatine bonea* %ben 
etfaine pertlalea «a plsoad oa the anterior pare tbey tbin 
raeah into tl» olfaotory ebecdior i^re tbay git olreulated otar 
tlw voaetta by aattia of eilia end tiban peaa out tturaagb tba 
poatarior nei^ posa* iill|l[|tlff**irr ^« is an iaaaaata aliare 
oilie en isipalvad in the eiratileition (Plate 10) • 
Sba aaalai^al aoaffioiaot valiiea «l»n abtainad aftar 
aalatOatiBg avaaa of both retinae end olfeatory rosette 
(sabla n ) i t aaa fowl n« l tba avaa of retinae ie higber tbM 
that of olfaetavy voMtta plaaiag IMa fiah under aiaroenat typi 
VXste- 6« (A)» Iiitiral vimv of bted of LSp;Li^ pe^ ||i sp* 
AH£. B^« FC^ E* •> Alitor lor Bosel por«« 
VOSS:* HAS* FOiB » Pofttorior ncsea poro* 
(B) Lattria yfU^ of /iittrlor iic«al tifto anfll 
pOBttyilKr PQ9P0* 
AKi« BiS* PQBS «» AQttrior nasel pox«« 
POSi. HAS. Ki^ - Pootorlor nasol poro* 
om« • Otaroafitofboyts* 
(0) Diagren of olfeotory roittto. 
OLF • 0 . . • OXfDDtoarjr oliMbov* 
03^*fiE» * o:Ui0tQr^ rooittt* 
Plft-ta -7* Dlograa of tl» brcln of IKaaiftrWfln Sp. 
from AorseX oiAo to oboe; tbe relcitioo-
0hlp of brain »lth the olfaotory rotntta* 
0£ • • Cerebfillisi* 
E, - Ey« 
OLF. BL. • 
OLF. LO. • 
OIiF. £• • 
OLP. RE. -





Olfootory roeatte . 
Qptio X6be« 
P l a t s • 3 . EOsettt of q^lanfl f t^p 3p« iQ QltU* 
oiir.HE*- Ol£ootox7 rosette. 
OLf.Re. 























OLP* CIIAL1« • Olfetetory ohcsabor* 
TBS* GF, - Pro operetilar* 
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Plot* » 10• Slogrm tiboMina t te oXt&oUeej 0bBna>«r of 
pplUjbQQBln Op. /rrowB IndUatt prtfbdbXt 
routo of watar oiroULatlOD* 
Ml'. HAS* FC&IE « Anterior nencl por«. 
MVx, HAS* SIBC « Antorlor nrmcl tiOm* 
OLF. HE. «- OXfeotory roat t to . 
OLF, CU/OS* • Ol^ootocy obfisiber* 
POSi'* HAS* POitE «» footer lor Q&SCI poro* 
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Ste Ide-tologgr of ol^MtPfy ongciiB of £• 
In £• iigfltm ngmlnifl «aob Xemlla ipXits into s •wtarel 
eon or Mtanoose MMI porlplifreX aoao* ftae ooatrsl ooro io 
ooHpoiiH BOlB^ of rotiouliar md eoIla0«D oonneettvo tisoaoo* 
Shi pTt^ygsl MOO or wm^w^ oonoiotii of petuaootretlfjyoA 
•oIvHMr ea& oUlotofl opitboXiua* A ImflMMttt MoMraM Mp^rsloi 
tho oontrcX e«ra froa ttueostO. X r^or* Bolo^ ths MiiiMVy 
•pitboXlm l ios & fiiw eeU layor looto bosel sono* (Plate - 11 
& 12) 
W^* "* ^^ BifiXitMwr ii««iif> t* fl» olfaetory oplttwllum 
ooBolsts Of flHKpwr^lag or •neten^oouXar eeXXot roooptor eoXXt 
or aouTMOt ImoeX oeXXs mA fioblot or auoooe ooXX8« t\m 
tmm&Ux Md mipfftiiMi oolXo got wranaM ia groups oSBilor 
to tb»M of toirto bvfta* 
tti WMftlnr milt *** ^o t^ rpos of mvportiog ««xxo m% 
dlotlnguiOlioA • olLlatod aad noii^lXi&tod. Eeoh deporting 
otXl p08flt«a»» & Xfffgo mieXsiie wltb oXoerXy YloSbXe nuoXtoXus 
mA •bvoBfttin aslnrlel* ttm ntaoXel of oupportlng ooXXo Xio «i 
tlio Xowor heXf of tho ooXX* u-ho Xargo end ooXiaocr dlotaX ondi 
• f «9portin0 ooXXo rteoh tho oi^rfiolaX surfeoo cod the 
olXla ere glTOQ out througli tbe bosaX l»odlaa OD tbo porlpbtreX 
liQfwr of the oeXX* Sbt oUtatad supportiag oaXXo tfo M M 
mmum and OMM^ aXtaraata position ^ith raapaet to raaaptar 
oaXXa* 
ifrhli IffWff^* **^P ^ ^^ BOB»oiXiaitad raeaptor oeXXa bair 
romdad aucXie X l^ng in ttia Xov.«r baXf of the oaXXa* Tha 
2:^ 
dMArittt of tht iP«Mptor oi l ls »iaB)i upto trm surfsM. V&m 
aoons of e&joMBlfe vtwoptor ooUs join to0ttfatr end lam foiivii : 
olf eotflae^« Shi« oxtiaat itufm iOm Hasal ataaHrMM to join 
tin DOB-Bwdiaattd Qorvt ttt %1m w^lm* 
VMLUM$^ flaiip t* StitM ore lotsrooptta la t)» opitkioXlAL 
X999»0 ShtM anomttt flMVttii3g tmlcoXluXer oello Y«ry io SIM 
«at ^ca «t •pltbtXiel Xinlags* th$m ooUo Xia MfttttxvA 
teselly vilth fletttnifl nuolAl* 
yyiy ^ t ^ aai^P i» Sboy tfro BVDoroue end l ie in botvoM 
bawMMOt m—teiBO aa& Xowtr portion of SUOOSD* i'hoy te«r 
Bia«tt nuoloi yahXoh mn not arreogoA is irot9 MA OIM AIM* 
aiYloioD* 
•» SIlO iHJMUmi ^ t S 
aopOPt^ od by won dofiaod bMWSMit Eiwit>r«io» It oonslote of 
eolXi^n end oomioottvo tlMiBo* Hirvo fibroot bXood irtsselot 
fibroblasts Mid l^ rapboftio eeUo tare oloo soon* 
Uttt i * 11* Vtrtldal g»etlc»s of the oX£mtor^ lemlXt 
Qt ft -BBrBliffll flJirfllrMI ^  ^^ 
COB. S* •- CODoeotiyt tlMUt* 
OL* » ClXlci* 
GS • 00 • « CHintrel oovo« 
BO • 0« * Btoei^tor oolX* 
SOP« C* « Supporting oo l l* 
SOP* Z» «• St^portiDg 0one« 
8S1?« Z, * Senoory sono* 
c f CO 
Plato «- 12* BetedXa of olfmtcry laat l la of 
G. •» Goblot ««U. 
RC • C. • I(«ooptor o«XX« 
SUP. 0 •» Supporting oeXl* 
S*F. •» Senaoary jtlbro* 
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HlsteXogy of tlit lAmr of £• 
«id blood veoeoXs* f1» pwonelqnMititio oeXIe foralJig liiAe l io 
liTtgulflrly tfiA get flu^irotod by blood ohentMiXe* fht XlYcr 
oello aaf« iwXjI^ sniUrel li» ilMvo vita pemUamtt pm?iptmT6l lining* 
Basil ooUo booro a eeiitral maoloiio with oleer suclottr aMte«M* 
Bono hipcitie oello «ro biouoloeto* Ite tai^potio oiBuooifti 
wo ps««»Qt in bototM hifotlo oovAe* Saeb siQuooid eooolgtg 
of m ovtor por^ f^etvidl «OBoootlY« Uootie eaA an IOMT liaing 
of Oflitti»li@l oel lo* (Plate - 13) 
lOstology of Xiymr of MfiUUiBiilft i^ *^ ** 
Sbo botfttie poroaobgrM of jgHlfflffti^ fi S|p* eonoioto 
of oontiDuous moiNioo of oello fonniioig oeordo* lilood oiouooido 
lying fiPHVitttljr boltigwi taopctio oovAg tvo UnoA bgr ogiofbilial 
•olio* Sboy alio git oovored hy oonnwitite tloe«o» A oioglo 
oimiooiA often Joioo witb tbe otter b^ treooveroe ooooeotiig* 
PolyfasfAral bq^otooytoo vitb G veil &ef loed oell Befibrane bonro 
o v^ell defined gentrelly located mn^uo vith deoot oytopleao* 
fortel toiAo gpt gHRKkWiAod by tbi oiooriae paoefOOM to 
m>reaent a diffused peaw«ge> Sbe 1mm p«Mff<oatio oello 
vitb deffk otaio are liiao afen. (Plate - 16) 
n.mim « 15« l iwr timm firon •«iltoX fish 
( 0. jayadug msttMrn) x 400 
0T« • Otntrea ftia* 
KS* » liBpatle tiwRit* 
S* «• Slcueolda* 

Plats • 16* JAmr tlMue £roa eoota:^ fieh 
BS* • Hip«tlo tlMUi* 
S* » Slnueolds* 

2o 
Hl«lOi«ttMdUiar 9t tilfMitwy orgmB o£ $L« 
file oXfeetory «pltheXluga 3»t» iiiflauit«4* flM 
S!]M f M i i t Otl2.0 WlftirgO 0»foXllBg« ( f l a te - 13) 
fh* wmmm «t3UL« 0it elorlnlMd due to •xotss BUGOUS 
MANtloa* Saae of tlis epltbelleX O^UB staow IntcBM 
vMuoIlsatloiif mA Itad to dlvrapUon to the cartoplan* 
SiMi BiKtrlx of laodiOlMPsr SOM undirgiMs imilliiie with dUst«4 
u (Plate - U) 
8ia>^et«d to #01 ]^a 99vp$r oiO^lieti x 400 

Plate - 14« Olfeotozy leOQlla Sron tiah ( £.• giyatua aair^t^) 
Qiib^eetid to 0^01 ppo oopper «i]lphote x 4-00 

2G 
HIcitiftdliiliQgy 0f l i ter of £• romtm mrtitW *** 
ipMlaea* mtftmBd to eoute oooMotrfttloo of «eii«r 
i«l9li«lt liMv •ftMts of tojclelt^ m HM livor of A* 
&• IMSMiMMHb Avi^ltMitiirel 4«fovnatlon i s Obaintd A«i 
to HM iaflnatioii* Stw iMpatoo^rtts liiov portiel IFMUOHMUM 
<«• to Hit pTMipltsUoo of oyt<n?l®«B lAilofa eoeisulatts ie 
tho tptmnSLMtf afttirla3.« SIM mulls 1 of ti«pRtlo OOXXB h999m 
««ol]4a «Bl i9^«r to lie ssmotln* Sin •liiiiaolAs •Ito «B&«rgo 
• tP i iyat l l l* (Plate - 17) 
silt tttiQQgtfl tero ivptear to bo nom pronliMnt* Saw 
of thB tatpatoQsrtM booooo Moplottly vtA warn boeono ptrtiaU^r 
vatwlfttid. Sh« BUBlAi Btereto tovevAs tlw porlphiry tf ««Xlo« 
fbo algrntory astlTlliiy 1« due to t|]« M»ia.t of pxooipltotlon 
doiiM partiolOB with IBBS oXeer QUOIOOH in the grimilir 
mtorua. 33M BBIXS i s tlio iioi^ dMwlu>od of tho olBiiaoiAB 
«B Bora pmoB to AislBtBi^ grBtiiM* nsm APBOBB of blood simi* 
BoldB do not f i l l 1 ^ BatijPB ^mttt^ Mifotstlng tikt d»«9Ba«d 
bXood Bl^paiy* (Plate - 18) 
•iA»4e0t»A to .Ol ppa oopptr tiapbatt .x 400 

•ukJtttiA to vOOl ppB oopper suXphett z 400 
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Bl9topa«iol«|Qr of l ivtr of lloiHiMi^fi l^« 
Chi i i w r of tsiAiiMfm^ $§, ifteB •atposia to atmtt 
Xi^X of oopp«r gelt ooQGentyAtiQB iSm foUowliig dttjpmfllii) 
tto l9itc^«3rtt« iinitcvi gmlXtng with ooalM«i 
fjtuitw* n» iflrtia wis iriHM tMiNUtiof) of uood. SIM 
»inwrt>»io odiBMr etXla lying i s tho violnltgr of tte wins 
%ii—• MM* off)Mt»A tlMdD tteM of tfa» tepnteojTttf« ssiit 
•Mtol •ri'Mtjimiit aMM» to bo oroo^pltd Aut to svoXItB «A 
•tMttlMid lN9«lMISrti»« ^)» BOOlOl of IW f^ttOtytOO bOOOM 
l w p # SUM tmlmtrvm offMt apptirc dut to tho attiMMlctiMi 
of ooAgulattd lOftod fidiOli 0tta dark «ta&Md*(Plate - 19) 
fh» tMWilinlAm of h&pti^mr^B •mato •triouo of foot* 
vliloh roMdt to ^M totfd dlflUQ t^lon of taopatio oovia* Sow 
of faipatooyteo hmom aofl|>Xot»l^  «ltilo ottera ere pertiaUy 
vaowOAtad* Stila Xaada to ttio foz«ad liilftlBs of aaelal tovorfli 
porlphery Md MQrt ttevofovet bo due to thu proalpltatlOD of ^ 
ayttgim* Visiai oat ilvliifetd* S%a atnaaolda eLao aadaxv* 
Alstatdgmtioii. too in tbo aoi^^ualMiod of tbi 
•tminlda » « JUAXo tossio baMvda tban the ooatral onei 
(Plate - 20) 
• vb^ t td to #01 pptt ean^r vtOvltaifet x 400 


KUite - 20. llf»r tl80W trm fl»h (liBlUiafiflla Sp.) 
eiAJeoted to .OOI ppia ooppor ctaphatiox 400 

28 
fte ptixmi olfaetory ehatSMatn of g* 
also •apportttd tgr ttw lott^ sfaisX 0iid frontsX dorso^lattraUjr ant 
• flCUlA MtirlorXy* ID Ilolliwioiift 9pmf ttm noor of ^ B 
«Lftatovy ohMSMir le focwi h^ otteoia vliUo thi fWoUlag 
ptf^ of thB eboAcr «rt siyportoa dorso-latoraXljr and 
«Bttro»po«toriorljr %y pmlatlno and laor^palt nejcilia mA 
pnix^mtA MapaeUiPtly* Za SL* iBBTfl^ W •WRBW olfaotoiry 
•iHHfeir Xlea dorao^iettrall^r in farant of a^e wlillo lo 
JPol1iaiieii& S^ * It goto sblftad latoraUgr* ^l^ looatioo of 
fbt olfaatoary «luHibar ia l»oth tha flirtita undar IsvaaUeatioB 
« a feaad to ^ In Una a» «IIM»I^^ ^y B V M (1909) • 
iliiwNlliii to Itfii "SlM olfaatofy tthaiUwr oooivUa a MialMit 
and fiaad position with ragaeda to tha ^oaa of tha iicull" • 
lapaar «d 0 ^ (i972t 1977) and BatnaBi ttA Kban (197?) 
aXao vaportad mgatAim ^lo loaation of tba olf aatory ^MiriNiv 
in a^pfonold and ailuroid fialiaa isnd /nribeatoid fiah 
HultUB IMMUflMi) mapaotimly and agsaad with tlia findings 
•f Bwaa (1909) liiit miawigi (1973) yaportad iteet tha oXfee^ ogry 
i s fowiwd »8ittl7 hy pwlst»i»tliioldcl eoapUx in 
SIM9 «ra two aa^a opasiiigs ie both ^ i^n*i>** f^f %« 
Mft &• MBSSJift IHTiTiliil- ZQ ffOjBm^  tha an tar lor nasal opasiQg 
ia in thi foxa of SBQU naaol ttd»e whiXa l«ti;ar baara a ris 
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ori«iii««t«« Moco^lne to B««««cii} (1889) mA 0|kui * Upttr (1972) 
Ito olfefttory maettm i s vtXaUiray auttii ««rt d«w3Lop«4 in 
Ubi^m Aitmu hmim InflmOir tnttrtw optiiiBi* S!ii» floAlttgi of 
HM proMRt tfitlior with rofozvnoo to MiMt^*^ft ^* ^^ >^ 
load Mvpoart vdlli Ite oiboorretloDB of B«teeoD (1889) oo& 
Ojbft ft Kopoor (19t2) iMOfAiit | | ^ l l l e n « a ^ Sp» httVlOg t)lfe«l«r 
oponing bo«r« Xes* tevolopod olf «»tory f ooulty &od bo 
•KHiMrtjH 00 QlovoaMielo* Stio ctaiXoir l»veotl«otiooe hmn 
also boon roportod 1^ Botaifai (1979) in £• ^eaaliituy «id 
1* 4US(Uil* i»owdiflg to Bwa (197?) tito olongotod olfoetoorjr 
ohwfluro « • tht gfciwtwti«itti^ of aMonMMKko fUkoo vlmo 
oDtorlor flBd pootorl«r noaaa. (^slxieo «ro loYorliUL^ dtuotod 
flt Mso dlotceooe oneb eo ttoroaro ond ooXo* 
Xho oTQl povtorlor opoclog io l«q^r lo olao th«i Hio 
Mtorior in £• ngntm *«»*fffl| «l»v««o i s ttniti^f|f^j| Sp, i t 
io oxooontrlo in guiyo «id Iloo pootorlor to the olfeotorjr 
iliMftor* tbo ttlM OBA tte ahipo oooovdlog to lurno (1909) ot 
pootorlor BOtftrtt vtsr oiffiilfieflstl^ ID dlfforoot «pooloo# 
Tb» pvoooBOO of a olii83.e noetrU lieo boon roportod by 
ttMmo (1978) to %• MEUHA* A o^ovdlBg ^ hte 1lM» ftvaatioo 
of tldo fiootril l8 duo to 3^0 olOTotion of tho oXfootory floor 
dion^tlng Ite bridce of tbo two aootrUo* Hlarl and XboB (196C 
Oboorvod "ttio OQBpioto dbooooo of oXf eotosfy ohoAor io g* 
b«t foportod tbo prooinoo of oXfeotos^ orgeno «hloh ero 
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vtsori(nBt«d ^ mXL Atiril^ta oUoetoi^ tti^m on •Ittinr site 
of li»e&. tiM0 lA in itfr««aiiit i^lth tt» fiodloga of IWM (1909)* 
MooarAing to bin A sieiritar may be ettrtoA end tbe orgoc la 
tranofcxcMA to e bifoliatt ttntoftXt in i^ o^ edOBO (VolAoralioia 
am Soto ro0fo) • ]Povooptioii of olf eetory B»B«O lo roeolYod b/ 
tlHi hoxogoBia woas ^rooint OQ tho flap iftilob rmalfie in oontaot 
w i ^ wotor# fliio sior v^^^ly b« dtw to ooologiool ooodo 
ratbov tbm of mj ybylotlo ei^ifteoiieo* 
AntMUft vorkoTB o» ta» lii^* end • ! » of oXf ottovy 
soootto hste oloMilfiod ttai fliA»»« Bstoooa (1809) iBd 
BVBO (1909) htiU tNH mt^ mm*^ rowtto la aoot OOMOB io 
tittmm* Sb« oval l i i i ^ roMtto w l ^ ro|ft» 1B yvooiBt la 
SL* WKtM JHOm •>A ^ oiflMilflid UBdor BatoaoB (1889) 
roaitto typo 3 (Baaatta eoltoB) • 0io roattte of |ifiiii*iia»i^ |p« 
lo trliggalar abspad «B& dooa sot fa l l 1B my groi9 aa 
MWtvtBd by Bato»»B (1839) aad Bwiio (1909)* Tim 9r«Bia» 
of trlanffular roaitto Siaa alao boos r^ ^^ ertod 1B i m o M O i 
**^ *^ «r^  by ittoAa i i AL« (1976 «)• lOUMtt te « • «d 
4* IkJUiSl »• exeliiolfoly aurfBOO liodara oad tbrtf 1B 
alsUer hcbltat* ^ e OBtlro roaitta boora Irrosolar aioaory 
tfpoaa aiilah sat d«D«raatad b^ - BOO aiBaor^ - ooBoootlTO tlaeue • 
TMtetfi (1994) dl^lBfudiftid «M fliboo oo Hio beala 
of optloal BDd olfoetory fMultlos* itaeoxdlng to hla ^» 
fl(*aa b«vlBg prodODlBoany d a w l ^ ^ aaBao of olfaotloB 
vatbar tbae aaoae of vision «re groi^ pod usdor aeoxoaaataa* 
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fi.* M B M i MlUl i ••» ^ pXaMA vaaimr group of aeoroflitftt 
flshts (2) l l i te* with %wmomli^ AvwX p^oa BSBM of YIOIOD 
ttam Hiftt of oliMtiin U in^iKM in vAwomtm^ MWr'^'^T m 
oan ^ groivod VBAir Hile esttfoary* (3) Fiolkee with o^uaUy 
fttirolopoA •oiiM of irieloD wa oJUTaotloo tfo sioi904 vnitr 
•yo-DOii fUlita. li««ov«ar« Siioti£i«i (1954) Wflgostod tliat 
tbi fiilMs wl'^ oviO. ro«ttt»D }» lM2.uftod wdor iyo-noM 
flete«« Sin proatnt fin&lngs oostiroaiot tt» tfmfo 0tntriklimtl«i 
tWBMH fi»* iHTfffflffl iHgiiHi i s a aasvoimite vltli a orel rooittt* 
9»a« cvooreUsfitioQ of ^UotefO (1934) in tlia author *s vlov 
M«M to %• %iiiti iMUi^vt t« ht 0tntriiU«id his obaonratieiio 
oa £n«r vadbmr of qptolaona* 
&* MftliBfl jBgrntWn h^ers a naaal flap botwMo Hw 
•Btarior end poatorior nostrilo* ^w «ie3JL f l ^ doaa not 
ootar tb« aotire aDtorior pof« an& ^ms ^vObAly hoXpa to 
rafXoet vator tov«r«a itat estarior pore* JoboaoB ft Brom (1962) 
raportad alnilor struetura in aiheflta^ii ttdUOttl* ^^ 
poatarior DaaoX opaning of ||f^ifpi|g|;|| Sp* la Aavoid of a 
-uSLm vU»h la ginHFaXljr d^Mot io fiahoe hisriag tOtuXor aBtariox 
9tmiag» (S!iaohaQii> 19$4t Ojha & l«poor, 1972) • 
fha W9m%U of fi.. mtUSmMOiim poaaaaaaa a nyhi 
irtiiili la a thiak 19 foldiiig of apithslial floor of the ahaihar 
ioi i i ^ luaarTstaa hy alfeator^ omnra. Bivaa (1909) atidiod 
$2 oioara aod sapartaA tlia pvaM tm of reph» in 42 etaara* 
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B^tmmn (1963) ^momA »t9ib» m otntr^ loavUo* fi«tewi (1979) 
tf^maemA m ^ vm^ b^tss tltHm^ hem !••« nmUmr o< Untllai 
mA tfteerftiog «o Itla f^lM mmhtae of alflAtw^r IMMIM iMooai 
X90tri9t#d dut "to iHfliiMit of rupte IMA ^mtraUl^  bist not 
tSBm^m «* MBli tiflliis w« fslorowmtt" • 
E« jBfffi^ ll tfKfiSiBft ^MA >B^ ^ 31«MXIM (i^ mi 92 MI total 
lof«1iO i s «•• voaitto* ftm atnibir of l.flBotUiii inoMMta vltli 
«1M of fiili. Slstil^ er «^otrvatioo« mre also reporttA by 
fiMteen, 19541 3 f^loff«r* 19691 lOoor £optr« 19691 3>ovlBg t^ A«, 
1977 «a BolBttil* 1979* ftUttKt (1969) ««»«onFtd Itio looreett 
in UMI BWtoor of XoKiiUoi witit tlM r^oi^ tti of ths fieh md 
aftor i t ttelr meiimT Itooooo ooQ«t«at le^ to oortcdn eztoot* 
BoteoBi oBA XlioB (1977) foiiod ^et tiitre le no oorxoXatlon 
liotiiooa wmSsmp of Imtlliw end OIJBO of ifiiiat JUlUftJiMMft* 
SoiritigroBa (1972) twneii»SL «bat BMAtfr of XOMUM vesoiB 
rolativoly eonataiit and ia a ^^eioa Ol»rt0tarlstioa« MortOfar* 
IM yelntid out HMKI i»»?aeai is fooaptor aurfaao la dva to 
iiMVtaaM tf«a «f iiidlvSdttal. a.«al3.«i sad m% Iteir niabar* 
Balnaai (1979) suggiotad that addition of furthir ImUM 
tilcia 9^ 000 only ia iflpsatura apoototna for ^w purpoat to 
iaaiaaat in aurfeot iKoa of atoaox^ apitboXiiia hut aftar 
arttiairiog fuU ooaplMant of loaalXoo tlia iaereeai io varfaaa 
•ma la wtdM^ mm to th» tfUmvmwit of tha individual ieoaUa* 
tht ia^imPmkmmllmf apaeo ia kept ooaattfit dui to tha gioatli 
of ri^l»« ^mim§$,A inV) WmtA «»•• ao 'smaiha* i^ daii 
act dorao«4««trel and of linoUfli* 
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Ste fMSMMry mrntA mmm ar« eitmnt in both %im titdmm 
iin«fftl««^ofi* Ky&t (1899) Vig^«rttd timt MMssovy 
•asB sar« prtatnt i s aiaiii^ary cmd Mm! «ii«iittfy fUibiB* 
»«niMr (I9€i} «iA rmxinr * OJIMI ( m t •) liiio HaA m M M M 
with ifeoiPi ^iUm 0A f y n f t i i lli«l «B mmmm:^ IMI u a 
i n t M l t y to iMwitttr^ UlSi* Buroe (1909) oootradlotod Hit 
Kspl«*g (1699) rtnorT****" «DA oooeliiftod iSiot tbtro oxistB 
no oorx«lfttion tetntot) voooMflrsr mo eaA tho habit of ttm tlih* 
f O i H liB panted 9m tlMA ^li MMiMOiT Mt ! • B witanm^mA 
BifMHimm Is ttMi fItlitB i ^ i l i iftM oftiraaBBa tstnft iB thitr 
dBVBlopnont* BBTtBur (1969) ^AimrmQ. aoBBSBOary 9m» in 
yrteltlfB BotlBOptBv^ rifiBttB meA £OMU oroBsoptofyglBm BDA 
MMBBtBd tlmt BCttB BTB pTloitifB i^Bel^lS&tiOQ • BBIBMBI (Y9T9! 
N^BirtBA thttt thi pvoBBnoe or elsBBOBBOf oooBBBory wmim) la 
flBteB 00104 not h« B3q»lBlB«d %j BoologleoX or pI^IotlB 
ooDBldBrettlosB* Bt polBtBd out that t!ie pro at BOB ot mmmtoff 
•aB(«) 4«ptBft« OB thi mmofA tBBftiWratlOtt Qi tht htiA* 
Furttaur hi poiatBd out thuA tha ffa«i » B of msmmmj wm 
SBBarally dapanfta on tha protruoihUit^ of aoutb* Bat this 
mm^mtiw la alao da^atil^la baa&iiBB g* f^f^ TT**^ hating 
pvotnialbla afoulfe ia aithaiit Booaseory aao* 
Hara (197$) daaiBrlhod -Uxrae ti^ paa of oarta attaalnint 
iB flahaa (1) ' ^ htilb i s oloatXy loeatad to tht ooao« thi 
olf eatoirsr Bor^ i^  i s ahert aod Umg trait le praaaat 
(padanaalati) (2) tha hiOh la oloasly citaabid to tht 
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iMMii^ Mi Of iHMiO iO M to Um iMt^ ilfMtWy 
(••Mito) (3) Hii p«ftlti«Hft Of tlia biiXbls lottzMAiaclt 
tetMicn nam veA hvfsin (lottxmdlaett} • Bolli g» gSSUSm MKa$M 
•»& T***f**^" ^« falX midter tin liooiia oi(t»go«y of 
Bve (1975) > Xt io «iiB0t«t«d tlMct ••AtcorUMitloo M pt9p9mli 
h9 9m» (1979) bos tiMHrtfore, no r«Xiv«M« wltb r«gerd to 
MMWflMlt WA BiMNNMStt imtl«« Of tht tUimmm 
««9«irtti tilt SMIIMIUB of vattr olroiOfttion iQ tuo olfeotory 
ohailwr* ftaoy dlTtftoA fiebis Into t«o (roups (i) tt» vottr 
olrottlstlon U oeaEariod eat b; olHary Mntaiat of olf aetovy 
•pltbiliiai (IflOffiato) Cil) the eiretaation la oflsritd out 
aiAaly by pi^^iae Motion of mmwei^e^ mmn iQfi^ aroDOtialy « i ^ 
vo^plratovy novaaost of oporcultEt (eyolo«wtt) • Sl» firiita 
vator iQtoatigetloB mt% laoaaata tgfpta aa tliay Ao not \um 
9mm tnA WEOjr ollla telss part la vatar oiroulotlon* 
(1979) yugAina ft thtrA t^ pt «liieb ha ttmad aa 
Mfhlaaaf e baalAaa o:;oloflMitaa ina iaoMuta of Doriag t& jL»(i97 
iaphi«iata aoaor&li^  to BateaBl (1979) iovoaLtaa partialpatioo 
of hoth ell ia a»A wm wall for tha elretdatioD of aatar aoA 
la fOUBA i» Aniim JMMIfititt MA st« tu^aSOBtki' 
UhlAiraotlonojl flo« of vatir l»e« antry froi antarlor 
aaA •uprtrttn firoo pavtarlor aaaal n^tiiiagf to oteoorvai in 
^th S,* flMMlMMtIi *<*^  HolXJawia a|^ « ])oviag t^ jjL* (1977) 
35 
•lao nporttd UDidizvetioonl tlmf ot volar tout Jotmaon Ik 
mmm ln92) moA Kiygwr * 0|he (Idtfa) fmnA Hutt vater tal«r« 
iB oXfMtory fliurtiMr itoraogb to«tli Hi* Vftsiaga Md is asytnad 
Ottt tferoin^ p#«ttrlor opening i$9lmwm * BVO«B» t962} or 
tlorough both tpoBiiig (K«90or £t Ojbe, t973A)« Btlnwi (1919) 
oofltraAittid «te fiadlags of rijMir 4 0$tm C 1973a) M« 
aHMii<»t «iiUl»<aa«L«ttt& Has of vatar in 0Ua»tary abaikiv* 
Hi AtaarlteA tlixaa faatora varticipating (i) Tlbratory 
aavaarat of oiXia iradttoea only antavo^poaiarior aator 
ottrrant (ii) hia^a tyya of ttXf9 in poatarior q^aiaga vbtn 
ycaaaatt xaatriata tl» aatry of aattr tfearouKli ^lia poia 
( i i i ) peeitioB of oMtaaoar:? aasa oaoaia Alxaot axpiaaiaa 9i 
pos 
vaur thrangft /tarlorpof** 
tb> Hyitgiijly af aim train iMa iaaa to find out 
xaXatita aiai of tbi olfaotoary bulby lObaa and o^tio Xobaa 
vhioh taalp to dataxBina tim dagiva of daviX^aant of olfeatoory 
mA aptiaA faaiatiaa* Datia 4k milar (1967) raportad ttaa 
aifi^fiatfiaa of tbtir deiPtlopaiBt xvflaeting Urn aq^ aaitgr of 
ttiaia ffliiatlia* fSailMMi inH) mA 2)aHiimr«>i« (1972) 
aonaidafad r&tio of naainoapkalon end ttlanotptielon to 
oelaalata tbt aaologiaaa ooaffioiant but Batefini (1979) 
•asildicad only paraaataeo retio of botb thB forai^iag 9«rta 
to find out tla aoologiaid aoaffioiont in nixatroua fisbia* 
Ste wtfaor adaptad Halnaii'a (1979) n^difiaations oTtr 
3f3 
timmm am) mA imn%mmm iwn) atll»d in tut prvMBt 
«oxlE« Tim woXogioel emttteS^nt WIKQ eiOoulatid In 
ft* MtttiA HMrilll MA liff)^^fT**fl ^ * *«* tttTwa to to 
SOM gtrmtusv of oXfafttory ipitteXiun IIM ^mm 
49Mrlbod by Tariotts irarlDtra (BrMUiOBt I969| Btrtnory 1972a 
•Hi %| la^MT * 0$ia, 19741 Ojlia A Xi9Mr» 19751 Harst 19791 
fttteanlf 1979 «M B»l»«iil & Xbwif 1960)* CtontroUy tl» 
allattivy iMiUaa of all liatea 9Mii»i t^o lagfvrai • oastral 
MM or aUtomnja mA outtr aaooovy M»»O»O« Stai nnmal 
layar of j2>* MTiriM BBmtTII ooool«t« of wpportSBg oalla* 
vaaaptor ooUa wd |^]M«t eaXXe with m jMPozlnal lialng of baaal 
oaUa wtaiah p t ftyirstad by a XtmA mmsunm trm « aaatral 
oosa. B«^ oUltttad and aoo-aUietad s^npttrtlng oaUa « • 
pxaaiDt. Timmr baer fronliisRt eill& «bUa l&ttfr fora vltbout 
e l l lo . Sba oUiatad an^portioe oalXa ara dlTlaibla Into oUla 
btiHag dlatal bMwd » d f««BlMi& n«rmi tods «hl(^ axttada 
wmpaorting aed vaoaptor oalls 0»t sorraiiflid in frei^a* 
(191^ * %y •SLee obaamd grot#ifl« of aqpportiiig oaUa 
tbact %'imm ia BO dlffimiBaa bataaan tao typae 
of oalXa flsd filao li««« no xaSavaaoa to olfaction axoapt aoaa 
autritioaal elgnlfloanaa • Balneal ft Iban <19G0) diaauaaid 
tba funetionel a%Blfle8B«a of grouping of dlffaraat typa of 
oaUs In A* .Irfffl^toltll- Soaidaa nutrlUooal wd a o q ^ s 
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•Mxmtflry itaetioat th* Mi l s fdvo tmlp to provld* e atehaieel 
MWOTt to tilt ttdUitii^ ai»MV3r M U G <J3«rtaaPt 1972b) MA ttaiir 
elllG htlp in th« ttiroiO&tioD of mm^m tm& wattr (BtrtB«rt 1978!k| 
SUiHag a thOttMSn, 19771 j)ovl»g UJ^  jgjL** 19T7) • Tim ttnaory OiUe 
U«r eUie (Stotto t t •!.» 1976t Y««»to * QiAa 1977» 1978). 
fOm oaenviDO* o^ noa oUlattd tmB99rt$Me; mXlo in b«t«tn tlit 
oiXiectM «aaM3r wXIe «pt ncioly f^ ir tiit pttrpoM to «foia 
Uitiyfinpmt iB tbt «iu«r7 avfcaiiit* 
fl» SMOptor otlXa or* ooBfimd in gfoiy* s . Boll (1969) 
laportid t i n t ta^ ptB of dlatributioa of siosory oilla 
(i) ooDtiBUDue osMpt £9r dorael port <ii) aiparattd ic Xariir 
«vaaa batataa tte I j m l i v ( i i i ) ditparaad in anell oraaa* 
Sbi MnroMPOiBt of xaoaptor oalla is g» mgni|^ i|ft iggnljtMl io 
alttftlir ta tMM ^fp«* tim daa&Jritlo wm^ of raaoptor eoUa 
la iutnmA ^ MwaBa aliiaii aia^eotly vaita ta fora nm MAiilalaft 
aarfa» tmHi t^p^ of tsxan ia ^eo xapartad by Siaak fj^ j]^* (1976) 
ana Taiaaaito a tMa (1978b} • Bo«avart Kai^ oer laia Ojha (1972) 
taA OJlHi H Ki^ aor (1979) obaamia ataoaA«ry Bouroas ia iUMMttft 
m W t t f t ioA IMte SBllJklfi 1>^ B^nwi * ihiB (1960) eoetraaiota 
the pmaaaao of aaaMdoaaF nauroos ia aaeo of JtiUkM JillMUBili* 
flw wiaaa aaavatory ealXe ere intariporatd iwag ttaa 
apitheXial aalla ae obaartad by 0 ^ 4k Kcyoar (1975) tad 
BaiX (1979)* Hawavart aotarel woBrtmtm (8raBaoB« 19631 Siaglit 19 
aad B^kaafti 4 llMnt HBO) xapartat tbair fd^ aaoaa ia tba alfaat«i 
ai^tbaUaa* Cba a^MX aeXXa art voiaidad «r ovaX ia ibq^ witli 
nuOX nuoXai aod Xio jttat itoow tba ba«al mmtapmm Im 
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£• MEittft mUtaB>* >^3MM liidlffor* ntlAt^ A M U S m^ trm tm 
MMptoar ttUs (arail«&i * Iiit08l£» 1971) or wvytrUi^ M^t 
(Oor&Ur, 1964) er too^ typts of M U S (K6ra« 197S) • 
^$m * Kipoig (1$79) A«Mrib9A grMud tr«Daf onsAtion of baMl 
Mile iato wypiylteg Mils* a«lnaBi «id Kluo (1960) alao 
f y » t i a aggftigttbioii of tbtat etlls in i^ * ^ituftiaiuM «t tte 
fl«M« wli«r« ttey MQr eito rios to M y^odeary Imtllao* 
Xo pollttlaiit lM«.lMi4 SI* JHKlMl flWTilMir ^ ^ BI»U« 
aoUfl of olfait^rr tj^UteliHi 0it 8lrifliE«4 «tnd ths «pitl»llia 
Mlla 8bow dlflriKptlOfl in ths ortoplctm Aw to veeuolUatlOD* 
KloeMlcGptr (1972, 1973) roportad tlbsHi gold fUh m«p«A» «• 
sUb-^ lffthal &o«e of eopp«r (11-17 «g / l i t ) and tba imgnm of 
daiifi dapondtt oc ttit atM^ooaa of eonoantratloB «id iiaradiOB 
•f taatu. Ocrdntr g^ j ^ * (1974) ropertad that tbt pattaologieal 
la—tana in tiia olfaatoa? apltlaallis «ra diffarant to a ash 
natal* Ste aattUaQ eonftitiOD of aertrlx of laadtiUtfy aaoa 
la aaao In Q,* MUUdStk JHBtttt ^i^^^ !• !» agraaMBt vlth 'tiM 
flBdlnga of DtXirtiale and Sayloara (191B)* ieoording to than 
tlia daftagaa to Mimavy tlaaoa torn sot aoltly dua to diratt 
ooDtaat to toxia aulbataaaaa bat «aeo dua to tttt alua«aa la tlia 
blood aoBpoaltl(^« $ba taxio affaota of aappar aulphata ara 
laaaar la olfaotoiry z^aatta in iMni^ ariaoo to ottwr orfana|a^ 
&• iMffffilTifi ACilai* ^^ o^ is beoauaa tha flabaa «liaD aift^^tad 
to toKla anvlronaa nfcf ^^ ^^"^ of vaqM^atory mtmmtmt H$tdi^mt 
aad ie m^mtmimmmm to tli«l of $m novwwit* Oofraowr, tw 
»«>.tlo. Of a«i«. A . t » » . a t>«rUr . l ib reiv-t tc toxlfK^ 
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toKie • f l te ts OD tba body OK;K«IO« AS rtgtfrds tepstift ^ 
ftilMi HM IttsloiiQ In ie»iieirel «r« ohorMttriatd by tlw 
Atstvwtloc of tbft oytopiando laxMriall of litpsloty^ta and Itoeir 
«0AM4ii»Bt irasuoaLlSfttlMi* A jgriAtial Isertoat la tht d«Mit« 
i« notiood olth Ifflci^ duration of oxpeffiaNi oXoBg vitli Ite 
ttt«B0*i6 of hayat i ty f ofid i^ nEUlfttloB of blood in nimuioidB* 
itmiljr iffiBinit mm dbnmrtd by KonAeU (197$) in ^IOMOX oi^ 
fioli tad Maltiriki s^ isL* (1975) in rainbow trout* ibe hi«btr 
•xtont of dOBiiic la taopetooytoe lying in the Yioinity of 
•ioaaoidB lo prdiiribly duo to tbe prootnoo of toxio BubataootB 
iB Hw iocoaUig blood* BfliBor (1969) rtportod that oopptr 
initially Indueoo baaoolytio enannia and furtfatr ohaofiB in 
linor an •oondevy otliotB in iSm 
mumipiiflli/aya A PBhadrai (1977) obotrvod iBovaait i s 
tbt BytoBtarooit 1^50 oontOBt due to BspoBurt of Ma3LatbioBf 
vblBh i s koovm to bo aBBOBiatod vith tte inorBoae in mtidtttllB 
BBtlTity of Vtom>m^sy0Ktmm ayatitt to B0tii»Qlio oxtarffiBOita 
BuiiBiiaB* Shia iBdnBtiBB of laatsbolio anBawiB any oabaaBB tba 
BBBKal ra%i of datosifiBatioB of ajctBranaonB BOBVOBtnta* 
3>BlBlB tit A* (197B) raportad tbt dBBVBaai in tba aetlTity 
Bf aaid piiBnibBtBii in liiwr at aift^ltthal doaia of fbiodBB* 
Sliay Biie0BBtBd tiMtb tbiir bioobBaiOfO. obaiiiBB aay BBMB baMBd 
in bapatio rBsi(»i duo to tba loootipling of i^BPborylatiBB 
fOUoiving iot03£tBB(tieB Of poUtttant* 
40 
S(^ * l i e •B^Vfr^orBOi^lattrel podtioD with r«s»«0t 
to •jw« BMh «a^Mtocy eluoiber oj^iis ttutttl&t liy w Mtvriav 
•fid the pogft»riflr port* Xfi JMIMUffllll ^ * ^^ •Bttviar pwi 
la titNaar «hU« la £• M U M gnrgtTin a ria i s proaeat* la 
SL* NnlEM ffiP^*^ a aaaal. dap le f otmA abiab d«il««t mt^me 
tovdrda tha aatKrlar para. Vt9 valatiaaahlp t& aatahXiahad 
Vataaan the proaenaa o£ a tiinOar 99mUm mA Baavoaaat aatVPt 
af tht flah, ITha ahita of vaaatta ie otal la g* MTlIm AttSt] 
aoa trUrngm^Mr la ifiULlttttldkA ^« ^^ olfaator^ roattta of 
fliglllin mrntWI ^^ plm^ uadar Bateaaa'a (1869) roattta 
tgrpa 3 MA l«roa (1909) roaetta aoXwa I* 
Sh» andwr af lawwllaB iMraaaaa with tho aiaa of tht 
flah la £« ftianrfc^ ^ SM^M* ^ oaatrel re^ha la alaa praatat 
^ il* MtaiSatL MtttOi* ^^^ ol^aatory roaatta of iflUiifliilA i| 
la flaalqr taxtavad andi darold of XoMlXai* Aaoaaaary aaaal 
aaaa ofa i^aant la both flghaa» M aaologlael or phylatla 
eorralatlaa la foiaid batataa th€ preaaaaa or atoaaaaa af tht 
aaaaaaory aaaa* Ska aaldlreotlODel flow of water aurrent la | 
piaaint In g* (t/OttUk MKaSSM •»& ^ aatagoarlaod wMAar laaaaatl^  
] 
9m alfaatoi^ AmBbmc in g* f\p'f*M| g y i t i i apllta it^ 
Am to liatalfom proaaaat lato eaatraX aad parlpbaral p«rta« 
fha alfaatwy traaa « a fowa to ha 47 aa^ (55 MI X&) aai 
1.62 nn^^'^ Ml ^ ) la &^imrg|\|i jjgjttai ftBA XaUlaaaala «[»• 
1 
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JUHJMSiAA ^* ^^ mi«9rotQiit aaA «eQ be pleMd uotor 
SUeteBn*s (1994) groi9 9 and siwap tt req^ettftly. Sht 
BlaMinltiaiyt the ^IXeotov^ apitaiolluD of 
£• iMint^ M lanrtTin ^ MMVOMA of Mooi^ tor etllet Mwartim 
eolXSf bosal OQXXQ cmii goil^t oelle* 'ihe nourone run io tlw 
ooatrel ImmUm IV^BA <BOd ^ <^ nB AonArltlo supply %o ttt 
olfootcry opltaieliittt 13to goblat ««1X« wo iDtoriporMd in 
ttm olfaotopy ^iHielluEi* IQio ootirooo uolte to foxn tho 
olfeatory oervo vrhlob oste^llstaie a ayonptlo oontaet vltb 
tbo lOfaetory btOb* Sbe bopetio ygfatta^yaa of itoliiene<iln Sp* 
•BA ft" lantHI M t t i i i tonsist* of ooistimiofia Basaia of aelXa 
fiondiig ec»de v^ btoii gat aayttm^d by blood alauaolda* 
TolybydrtDl baptflm^rtae poaaaaa a «ell dofloed cell aai*r«a 
and nuolaua* 
Sba 9«&l«l«it indiioed ld«1»patbOlogy of the olf eBtocgr 
roaatte of g. JHUIMI iJBrtM ^^Bm ttm% tb» gfl^let ooUa ara 
more aavaralsr affootad and the opitbelifll oalla axblbit 
diartivtios in o^'t^^laMla satarlal dtie to Taouolia&tlon* 
Sha iM^&toQTtaa of aofpair anifiuite traatad fUbaa aliaa 
VMMlisatlOB aad aendaiiaatioii of oytofla^a* A gradual. 
lM»aaaa la 4«Mtaa lo noticed wltb larger dtaratloa of axpaaon 




Aniailnitlgr, QJL^MUS. fiege (1976)- BffMt of atstt * 0mmU 
exaOffaree to povtieidesy lliiodon S dC • ?$ II ilgallol 
*9« 00 the Xiv«r of ^Mov Xttr* flayttifl||Bg||i |«pMl|||i (Bouleoger)« Jjg^Xttk JL* Sft* I2il*» 13 * 
Batowct J«mpar S«l?* (1969) • Hlstologleal end elMtroii al«ro<-
Btt« ttL* ft^DUiA* ^ » 2785*2793f ^ ^ 
Baii80ii« »^* <188§} » S3w «•»«• «if«aB« and p«ro«ptlOD of tmmm « 
^ h Msiflrke on «iqp^ of bait* jL«JlKtefilfiI« 
rfllfffW*' 1 * 22!^25^* 
B«rv«t L«8« (1940) • GleMifioatloB of fUUmB both rooont and 
foMlX* J;i« Sdveerds. Aon J(zbor» iti«blc«i* 
BortMtfTt t^ « (1969) - t^ he Tortobrate BoaOf MMOrtco on lt« 
otmottaroX tnd funotloni^ adittatlAo Md o^lntioa* 
BovtMTi G. (1972e) « atmning elMttron ai^roaoopy of olfaetorj 
«»«itta in oia trout. ^. MmsUtik* JUi&i 9!^6»M6« 
i &• (1972b) « Z«3>3rrlstli eoXlat a BOW eoll t^ rpe la 
iwztobrcte olf(90tiovy oz^ao«« J|[i4« JU^&t 24$*29€« 
HMttaibarya* S« and Xnkborioef B» (1975) «> Soxio of foot* of 
eadrit) on bopato^ fiaoaromo of solooot f lab oljKii 
liAisk I* Ul* WL» i^ C2) t 1«5-Iw. 
lr«naoo» B*A« (1965) •» Sbo olfaotovar ii^retiuB of Hi%oo«ia MIMI (otrwd) wd fis^sumto ir!f^*f^f« (oinM) • 2 " j £ a ^ 
i J l t 219»a29t 
BtVMt B«B« (1909) • tbo tfifttoi^r ^ f oXfafttcary organ of ToUoatM 
flititto* fiBSifi.* i&89k* ii&&» (2«(mdoc/ Ho* ^t 610*663« 
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oordlsry B* (19C4) • 9&nma^ eello. let Slit eeU, Vol* IT. 
{BTtmtmt mA Mlriky* eds) • AealMle pi^M* H«YQrlt« 
Bal«l«9 fiJO.9 BlMitliii[«r. M4« * V«mfi.8<R. (1978) * Histoobaaio 
«tttdi«« on tb6 affect of *R0for* aod *!rhloAon* on 
i^ c0tlTitiy of Mid 9te«tpli«tfiM in Iltox, Mnaelo 
owl xiAiioy of fitMM i n l B i « IBAIML iL* Si* ftL&L* Jl 
109>'1102# 
SsviSff B.J. A lfilX02^ f R*J* (1967) » Brtdn pat^ terBB 1» BIIIIIOM 
of tin mmm KAonaiB in i^Xatlon to foodlac iMlbit* 
2>«sai» A«X. (19TB) » HictoIoeiOfil «tiaai«« on tte U\or of 
nlgTfttmry fXtit. MlAft JilnhA and noo-nigrotory M}'T 
M l * iL* Ania.1^ff^^5A"W«iology. jgSt (1^)> 
119-123• 
DovltiiyiBaf 0*Y« (1972) «• HiivpbOlog? of ttae organs of 01faotoc!| 
U^ tbii ^MMaa* £• iEflK&ES3b989L« JU* 994^1002* 
»m«taao« L* A «tit«r, M«E. (1978) • Hlatooathologloel and 
pt^yaiologloel Vtaponooa of FgpAiAuii ha-tesahiteff to 
10i0*10€6« 
DOTtaft E3«f Bilbol»4}ei!i^iB» M*, HoXJa^ . A. and JTowAeo^  ?.(191 
FttMrtionel aa^tcn^ of Iho cofaetory organ of flali 
Mid tbii cUlwy nooheolia of wator traomort* iita* jbtfli. (StooWH). S£t« 245»255. ^ ^ 
Povlngt K«3« ft lOMMMMnt &• (1977) •** Stnoe propartles of flth 
olfa»tov^i^ttBu Z&i oiUe^tioa ted tasto TX, :?«rlf 
19r/ • 175-185. 
3)iillala« lf«8* & f«Bita#uli (1979) * Hiatepathologiool laaeiona 
ioAiiMd ¥jr Malothlen in tto livar of «**-»«»'> 
Qmaomtf G«a. A X«iii0^a« G« (1973) •» Coppor ladaoM iaaalono 
365»360» 
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|l«tal«* ^imrsilQr of wiittimAln Pr«s«« HdUamit Vi 
ar«a«toi« P^^« A Itoteiaf, J«F* (1971) • /mtorcdleg^rapItU « i 
viltrMlruoturaSt o^stnmtioiis «) tbt jbros*« olfaHai 
1 * ft'l|<iPa^«^' j l M 30$-516. 
8ff«« t«J« (197?) » OXfafttory in fi«li £Efi|L* ttUBSikJyBil* 2^  > 
271-335• 
Hi^Uae» H a * ! »ttlA» JT. & nod«eB» K. (1977) - tcbt vXtTMlrw^gl 
Af liver of Eciol»o\i -urotit i lioniaX struotam mft 
«Mif ioetiM after «)3vwii« expoanre of polyohlorir 
Bated ^i»l»ttyl» APoalOflr. 1294 • SJft* i * JttL* IUt< 
4TM1» 
BairtGaat ^Jf« (19T6) * Slie offaot of petroliw li^ roaertiOD 
a^^ovare oa tbe atruotura of fieh tiaaue. Int 
Vana it affaat of patrclam Hiy&r^ av^ aB la mcriaa 
9909n^tm gad wrgaaioa* £Gaft« £m« ^^^ Yoyk( 1976)1 
11M2B* 
UAalMit X. (1910) » Sbe affaata at ;i:riattltiaB aataia ao im 
Mlctal alkneraoaptor& of the e^rp* Jan* £• 
BIAAOf Z« ft TdBOtat 8« (196V) - llleata raaaptor atSataatiaa 
tt taaticg aiti^ et |y gwaat taaticf atibetanaaa in ttie o«rp» IBIL* £• 
BiRtan* S JE* ft l^ eaatf O^E. (19^7) •» tdtre atruotur« o£ liiwr ia 
•MKBO^ aatf iah y^jt^^^^i^ BMW l^i^ 'tfl- i * £ ^ * i&lSt2k' 
a(3)l 209*219» 
BOly A. (1965) • 1ia«glal#liaiifta iadrpfaoXoslaoi» and hiatoXo i^aalU 
OBtMraualaiigan toft Qamabaaai^ aii dar ksoobtafiaafaif 
BolXiatar* &. {1^2) - QXaeriae and Bjraiag f i ^ for Baaa atuljf* 
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JaiAf 0«F« * fidOf tr» (I960) « ivsliltMturEiX hittoXogltfO. 
iOL Zn&le eoagnse of Zoology* p* HI* 
Jolm, L.A. (1972) «• 2}«Y«Xopniii't of oXfeotcvjr Apamtus of tl» 
MMjfarottt tvoitt* £BII«J|||« JltiUBft* lSJl(2)t 284*289• 
immmjtf us, M Svo«Bt OJJO* Ct9Sa) «• Olfaotoary m«r«tti« ID 
Vlmslk look fltflt Sf^aato^A a^flfilBtt* MBMA ' 
tt9ftH840* 
KivOMTy AtS. * 0^1% F,P* Cl972a) «» 9nBeUoDaI oBatonr of HM 
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